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In recent years, pet owners have become more interested in 
the ingredients, and quality of pet-food, and several studies 


have demonstrated that feed management could affect 
healthy status. Recently, some authors indicated that 
commercial diets formulated without cereals, or using 
unconventional protein, and starch sources, can cause a 
reduction in taurine levels in both whole blood, and plasma. 
Nevertheless, the specific mechanism by means of which 
nutritional factors determine this reduction is not 
completely clear. Thirty neutered half-breed dogs were 
recruited at a kennel in the province of Naples (Italy) to 
investigate the influence of carbohydrates sources, and 
dietary density of nutrients on healthy status of dogs in 
terms of blood count, and biochemical parameters. The dogs 
were housed in the kennel and divided into three distinct 
groups. Three iso-energy, and iso-nitrogen commercial 
kibble diets (named GF1, GF2, and CB) with different 
protein, and carbohydrates contents, and carbohydrates 
sources were chosen for the trial. The chemical composition 
and amino acid profile of each of the three tested diets were 
analyzed. Moreover, blood samples of each dog were 
collected to evaluate the hematological and biochemical 
profiles. The taurine level was determined both on plasma 
and whole blood. The effect of the diets was analyzed 
statistically, and all tested diets were compared to the 
control one. There were significant differences between the 
three tested diets as regards their chemical composition. 
The concentrations of all amino acids seem to reflect protein 
content diets. The hematological profile resulted within the 
ranges considered physiological for the canine species for all 
subjects. Compared to the control diet, the three tested diets 
showed significant differences in blood count for MCHC and 
platelets. The biochemical profile showed significant 
differences between the diets, particularly their AST, 
fructosamine, lipase, and triglycerides values. The diets did 
not affect the blood and plasma taurine levels. They resulted 
in higher than optimal reserve levels. Preliminary results 
showed that the sources of carbohydrates and use of 
balanced diets affected only some biochemical parameters 
and did not alter the levels of taurine in healthy adult dogs. 
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INTRODUCTION 


In all developed countries, the companion animal 
population has gradually increased over the last 20 years, 
particularly in great urban centers (1). In Italy, about 39% 
of the population live with a cat and/or a dog (2). As a 
result, pet owners have been giving more attention to 
animal welfare and have become increasingly interested in 
the characteristics and production processes of commercial 
diets (3). The pet industry has produced several diets with 
particular ingredients or nutrients, suggested by specific 
claims, which could indicate beneficial effects, for example, 
grain-free diets which were formulated using tubers, and 
legumes as starch sources. Each carbohydrate source has a 
unique nutritional composition that could affect both the 
production process and use of nutrients (4). For instance, 
legume grains (pea and lentil) are rich in soluble dietary 
fiber (SDF, mean value: 26.9% of total dietary fiber, TDF), 
and proteins (CP, mean value: 23.87% DM) compared to 
cereals grains (e.g., corn and rice) (CP: 10.72% DM, SDF: 
10.00% TDF) (5-7). Moreover, the amino acid profile of 
different protein sources varied significantly, legume 
protein is less rich in essential amino acids (e.g., taurine, L- 
carnitine) compared to protein sources of animal origin (6, 
8, 9). 

In 2018, the Food and Drug Administration (10) 
published a report on the possible link between grain-free 
diets and dilated cardiomyopathy related to taurine 
deficiency. Cardiomyopathy is characterized by a dilation of 
the left ventricle or both ventricles, in association with 
impairment of ventricular contractions (11) and it causes 
cardiac dysfunction (12). Moreover, some studies have 
indicated a correlation between taurine reduction due to the 
administration of  grain-free diets and _ dilated 
cardiomyopathy in dogs (13-15). 

Nevertheless, the results are controversial in the 
literature. A recent study conducted (16) on 86 Golden 


Retrievers observed significantly higher taurine values in 
whole blood in dogs fed a diet containing cereal compared 
to dogs fed grain-free diets. Significant differences in plasma 
taurine levels, however, were not observed. 

On the contrary, Donadelli et al. (17) demonstrated 
significant increases in plasma taurine and whole blood 
taurine levels in Golden Retrievers fed grain-free diets for 
26 weeks. Similarly, Pezzali et al. (18) found that grain-free 
diets had no effect on taurine levels. A recent review (19) 
highlighted some limits as far as current literature is 
concerned as regards identifying the specific nutritional 
causes of taurine deficiency and, consequently, dilatative 
myocardiopathy development in the dog. 

The purpose of this study was to evaluate if the 
administration of three diets (two grain-free: GF1, and GF2 
vs. one cereal-based: CB), over a medium-term period (5 
weeks), formulated with different carbohydrate sources and 
amounts could affect blood profile, and biochemical 
parameters with particular regard to taurine levels in 
healthy dogs. We hypothesized that different carbohydrates 
sources could influence the healthy status of adult dogs. 


MATERIALS AND METHODS 


Animals and Diets 

The nutritional double-blind trial was performed at a 
private kennel located in the province of Naples (Italy). At 
the beginning of the trial, a veterinarian clinically examined 
50 adult dogs and performed, hematological, biochemical, 
and parasitological tests (20) to exclude subjects with signs 
of pathologies. Subsequently, 30 adults, neutered, half- 
breed dogs (age 4 + 1.20 years, weight 20.79 + 6.38 kg, 
BCS 3.96 + 0.95 on five point scale) were recruited. Each 
dog was housed in an individual box of 8 m2 (2 x 4) 
consisting of a closed rest portion (2 x 2), and an open 
common walking area for five adjacent boxes. Before the 
beginning of the study, and during the first days of each 
adaptation period, all dogs were submitted to 
copromicroscopic analysis for intestinal nematodes 


(Trichuris, Toxocara, Toxascaris, and Ancylostomidae), 
cardiopulmonary nematodes (Angiostrongylus and Capillaria), 
Cestode (Dipylidium and other Taeniidae), and Protozoa 
(Giardia and Cystoisospora). If they were found to be 
positive, they were immediately treated with specific 
deworming drugs. 

After enrollment, the dogs were divided into three 
distinct groups (blue, red, and black), homogeneous for sex, 
age, weight, and BCS. For the experimentation, three 
commercial dry diets (Farmina-pet food, Nola, Italy) named 
GF1, GF2, and CB, respectively, were chosen and 
administered alternately to experimental groups following a 
Latin square scheme (3 diets xX 3 groups); each 
experimental period had a total duration of 50 days (15 
days of adaptation and 35 days of trial). Each diet was 
administered in a ratio of 110 kcal/kg°.75 of metabolizable 
energy (EM) (6). 

The diets were characterized by similar energy densities 
(3,995 + 4.73 kcal/kg), formulated mainly with the same 
protein source (chicken), but consisting of different 
carbohydrates sources (cereal grain vs. legume or tubers). 

The ingredients of each diet were the following: 


* Diet CTR: rice, beet pulp, poultry, and turkey meals, fat 
and oil, and minerals; 

* Diet GF1: boneless chicken, dehydrated chicken protein, 
sweet potato, chicken fat, dried eggs, herring, dehydrated 
herring protein, fish oil (from herring), pea fiber, and 
dried carrot; 

* Diet GF2: boneless chicken, dehydrated chicken protein, 
pea starch, chicken fat, dried pumpkin, dried eggs, 
herring, dehydrated herring protein, fish oil (from 
herring), pea fiber, and dried carrot; 

* Diet CB: boneless chicken, dehydrated chicken protein, 
spelt, oats, chicken fat, dried eggs, herring, dehydrated 
herring protein, dried beet pulp, fish oil (from herring), 
and dried carrot. 


Diets Chemical Composition and Amino Acid Profile 
An aliquot of 500 g for each diet was analyzed by means of 


near-infrared spectroscopy (NIRS DS 2005F, FOSS, 
Hilleroed, Denmark) to determine its chemical composition 
(21, 22). Total dietary fiber, and proportion soluble, and 
insoluble fractions were determined according to (23, 24). 
The diets were analyzed also to determine its amino acid 
profile using high-performance liquid chromatography 
(HPLC, Agilent Technologies 1290, California, CA, United 
States) according to Spitze et al. (25). 


Clinical Examination, Weight Checks, and Sampling 

At the beginning of each experimental period, the dogs were 
subjected to physical examination, weighed, and their body 
condition score (BCS) was evaluated. At recruitment and the 
end of each nutritional phases (Figure 1), fasted dogs were 
clinically evaluated and ~10 mL of blood was collected in 
three tubes: 


* two with EDTA, one for determination of the blood count, 
and one for the dosage of plasmatic taurine; 

* one for whole blood with separator gel from which to 
obtain the serum for determination of the biochemical 
profile. 


X: grain-fee diet 1; Y: grain-frce dict 2: Z: cereal based diet; T: time 


FIGURE 1. stuay timeline. 


The whole blood samples intended for the evaluation of 
the blood count were refrigerated, and quickly transported 
to the clinical analysis laboratory of the Department of 
Veterinary Medicine and Animal Production of the Federico 
II University of Naples. Each blood sample was analyzed 
using an impedance device to carry out an instrumental 


count (HeCo 5 Vet C, Real Time Diagnostic Systems; San 
Giovanni a Valdarno, Italy) after slow and constant mixing 
for 20 min. 

At the kennel, to obtain the serum, the gel separator 
tubes were left at room temperature for about 15 min until 
the clot formed, then the samples were centrifuged for 10 
min at a speed of 1,500 x g. The serum was stored at 
— 80°C and subsequently sent on dry ice to a reference 
laboratory (Kornwestheim, Germany) where the following 
parameters were determined using a Beckman biochemical 
analyzer (Beckman Coulter AU5400; Olympus America, 
Melville, NY, USA): Globulin; Total protein (TP); Albumin 
(Alb); Alkaline phosphatase (AP); Glutamic Pyruvic 
Transaminase (GPT); Alanine Transaminase (ALT); Gamma- 
glutamyl transferase (GGT); Aspartate Transferase (AST); 
Glutamate dehydrogenase (GLDH); Fructosamine (Fr); 
Glucose (GLU); a-amylase; Lipase (LP); Sodium (Na); 
Potassium (K); Calcium (Ca); Chloride (Cl); Phosphorus (P); 
Magnesium (Mg); Cholesterol (Col); Triglycerides (Tri); 
Creatinine (Crea); BUN, Creatine kinase (CK). 

At the end of each phase from five dogs per group blood 
were sampled to determine taurine on whole blood; after 
sampling blood was collected in a tube containing lithium 
heparin. Subsequently, it was gently mixed and stored at a 
temperature of —80°C up to the shipment on dry ice to the 
Amino Acid Laboratory (University of California, Davis, CA, 
USA). Whole blood taurine concentrations were determined 
using a Beckman 6,300 amino acid analyzer (Beckman 
Industries, Palo Alto, CA, USA). 

Taurine in plasma was determined by reversed phase 
chromatography hyphenated to a triple quadrupole mass 
spectrometer (LC-MS/MS Sciex API4000QTRAP plus Agilent 
HPLC and CTC PAL autosampler, Santa Clara, CA, USA) 
(26). 


Statistical Analysis 
The effects of the diets were analyzed by one-way analysis 
of variance (ANOVA). Tukey's HSD test was used when 
significant differences were observed. 

To compare each diet with the control one, the Dunnett 


test was used, which allows multiple comparisons. All 
statistical analyses were performed using the software JMP 
14 (SAS Institute, NC, USA). 


RESULTS 


Table 1 shows the chemical composition of the diets used 
during the trial. All statistical analyses were referred 
comparing the diets. GFl showed the highest value in 
protein, and ash (P < 0.01 and P < 0.05, respectively). The 
energy nutrients (protein, carbohydrates, and lipids) of GF1, 
GF2, and CB diets were equally proportioned. Moreover, the 
three diets tested resulted in higher protein and energy 
levels than the CTR one, which showed higher 
carbohydrates content. Total dietary fiber (TDF) content of 
GF1 was significantly (P < 0.05) lower than CB one (data 
not reported 76.78 vs. 83.73 vs. 94.30 g/kg as is, for GF1, 
GF2, and CB, respectively). Moreover, all diets showed 
higher incidence of soluble fiber than insoluble fiber (60.65; 
58.61; and 63.15% TDF, respectively). 


Table 1. Diets chemical composition (g/kg as is) and energy content (ME kcal/ 
kg as is). 


Nutritional characteristics cTRY GFt Gre cB RMSE 


ssed diet; along the row the capital letters indicate differences 
-omperison was performed between GF1, GF2, and CB cists. 


Table 2 shows the amino acid concentrations of the 
three diets. In all cases, the most present amino acids were 
glutamic acid, glycine, alanine, arginine, aspartic acid, and 
lysine. The concentrations of all amino acids seem to reflect 
protein content of the diets. 


Table 2. amino acids profile of diets used during the trial. 


GFt ar2 cB GFt Gre cB FEDIAF” 


% asis 9/1,000 kcal ME 
363 31.8 317 97.19 85.2 B41 45.00 
219 1.98 1.90 5.86 37 5.09 NA 
2a 1.88 1.80 5.65 5.07 48: 1.30 
2.83 2.80 2.26 7.58 05 NA 
429 4A7 454 11.5 12.2 NA 
@iycine 3.24 2.87 2.86 867 7.68 NA 
Histidine 076 0.72 0.68 2.08 1.82 058 
Hydroxyproline 1.01 oxal 0.95 2.70 2.54 NA 
Isoleucine 1.13 4.12 0.97 3.03 2.60 1.15 
2.07 621 54 20: 
1.65 56 4.42 026 
1.18 3.48 29 3.16 1.35 
224 89 478 5.92 NA 
1.29 383 8.56 3.48 NA 
1.08 3.40 3.29 2.89 1.30 
07 233 227 2.08 NA 
1.95 412 3.99 3.62 1.48 
0.43 112 4.00 1.15 NA 
0.93 2.95 2.70 2.49 4.00 
0.22 oss oso 0.88 043 
0.18 059 0.62 0.48, NA 


on a metabolizable energy requirement of 110 kcal ME/Kg0.75; GF, grain-tree dist 1; GF2, grain-tree diet 2; CB, 


The results of the blood count are reported in Table 3. 
All recorded values fall into the relative physiological range 
for canine species. The analysis of variance did not show 
differences between the diets. Nevertheless, the Dunnett test 
indicated significant (P < 0.01) differences between CTR 
diet and each tested one for MCHC, which resulted in 1 g/ 
dL lower in CTR than GF1, GF2, and CB. Moreover, platelet 
values resulted significantly (P < 0.05) higher for CTR 
compared to that of CB diet (328 vs. 287 K/uL, 
respectively). 


Table 3. Blood profile of dogs in function of administered diet. 


Diets CTR vs. 

Items Units cIR GFt Gr2 cB RMSE GFt GF2 cB 
7.00 6.95 6.76 0.64 Ns NS NS 
114 12.6 13.00 2.42 Ns NS NS 
158 16.8 16.2 177 NS NS NS 
479 473 47.3 467 Ns NS NS 
68.4 68.0 637 2.80 Ns NS NS 
24.0 23.9 244 1.16 NS NS NS 
35.4 35.1 354 0.70 an es 
298 308 287 42.0 Ns NS 


diet 2; CB, cereal based diet: RBC, red blood cel 
noglobin; MCHC, mean corpuscular hemoglobin cor 


white blood cells; Hab, hemoglobin; Het, hematoc! 
n; Pt, platelets; *, *, P < 0.05 and P < 0.03, ress 


Table 4 shows biochemical values. The nutritional 
treatment affected only a few parameters. The analyses of 
variance evidenced that the dogs showed significantly 
higher (P < 0.01) values as regards AST, fructosamine, 
lipase, and triglycerides when fed CTR diets. The Dunnett 
test evidenced the differences between CTR diets vs. each 
tested diet more clearly, in particular for triglycerides which 
were about double when CTR diet was administered. 


Table 4. Biochemical profile of dogs in function of diets. 


Table 5 shows the mineral profile. All parameters are 
within the physiological ranges for healthy dogs. With both 
statistical analyses, significant differences were observed for 
potassium, phosphorus, and magnesium which were always 
significantly higher in CTR than in GF1, GF2, and CB diets. 


Table 5. Mineral profile (mmol/L) of dogs in function of diets and comparison of 
each diet to control one. 


Diets CTR vs. 
Items cTR GFt GF2 co RMSE GF Gr cB 


Na 147 147 146 146 240 NS NS NS 


NS NS NS 
NS NS NS 
NS NS 7 


tessi Chloride: P. Phosphorus; Ma, Meanesium: alona the 
p< 0.001; NS, not significant, *, , ", p < 0.05, < actively; AMSE, root 


In Table 6, whole blood and plasma taurine levels are 
shown. In both cases, taurine levels were not significantly 
affected by the administered diet, even if the CTR diet 
showed the lowest value of both parameters. 


Table 6. Blood (n = 60) and plasma (n = 120) taurine levels of dogs in function 
of diets. 


Taurine Units cTR GFt G2 cB RMSE GFt Gr2 cB 


Who'e blood pmol 288 316 316 318 513 NS NS NS 
Plasma nmol 401 128 127 125 928 NS NS NS 


CTR, contro! dict; GF1, grain-froo cfot 1; GF2, grain-iroo diot 2; CB, cereal based aot; NS, not significant; RMSE, root moan square oncr. 


DISCUSSION 


All diets showed nutritional characteristics able to satisfy 
the nutritional requirement of adult dogs located in a 
kennel (6). In particular, the amount of crude protein, total 


fat, and metabolizable energy fall into the levels 
recommended by FEDIAF 2020 (27). During the 
experimental period, we did not find refusals probably due 
to the high palatability of all diets. Considering that no 
significant differences were observed as regards live weight, 
and body condition score (final live weight 21.59 + 5.70 
kg; BCS 3.97 + 0.81 on a five-point scale) we can assert 
that the amount of feed administered was correctly 
calculated in all groups (28). 

The amount of essential amino acids (g/1,000 kcal) in 
the three tested diets were about double the minimum 
levels recommended by FEDIAF (27) for an adult dog which 
has metabolized energy requirement equal to 110 kcal/ 
kgo.75, All experimental diets are able to fully satisfy even 
the aforementioned nutritional requirements for a dog with 
a lower energy necessity (95 kcal/kg®75), also considering 
an apparent availability of 70% (29). 

There were no significant changes observed in the 
hematological profiles within the diets. All dogs showed the 
blood count values within the ranges considered 
physiological. The only exceptions were recorded for two 
factors, MCHC (CTR vs. GF1, GF2, and CB, P < 0.01) and 
platelets (CTR vs. CB, P < 0.05). Actually, from our study, 
whether these findings are coincidental or just a trend 
cannot be established, nor it is possible to give a definitive 
explanation. It is essential to underline that, even if there 
were significant differences, values for MCHC and platelets 
were both within ranges. Considering the absence of clinical 
signs or clinicopathological alterations and the negativity as 
regards the mainly canine vector-borne diseases, it seems 
likely that the results were due to any pathological cause. 
There is very little data available concerning the influence 
of diet on hematological parameters (30, 31) that could 
clarify the differences that resulted from our trial. However, 
it is interesting to note that in the study by Anturaniemi et 
al. (31), higher erythrocyte counts, and hemoglobin levels 
occurred in dogs fed with a high protein diet when as 
compared to those fed on the lowest protein diet. In the 
present study, the increased values of MCHC in dogs fed 
with diet which was richer in proteins than the control may 


corroborate the same trend, also considering that dietary 
protein may play a role in maintaining appropriate red 
blood cell indices (32). Clearly, further study is needed to 
better determine which dietary factor is responsible. 

Some pre-analytical and analytical bias cannot be 
excluded, even if points sampling procedures and processing 
were standardized at all times (33, 34). Moreover, no 
specific trend for platelets in dogs or diets during the trial 
was observed. Furthermore, platelets numbers could vary in 
different physiological conditions, above all due to the 
presence of platelet clumps, often caused by sampling 
procedures and collection (35). 

In addition, the biochemical profile also falls into the 
physiological range for canine species. The differences 
related to fructosamine, lipase, and triglycerides obtained 
by the Dunnett test seem to indicate a dietary effect on 
carbohydrates and lipid metabolism. In particular, the 
redaction of these parameters observed when the dogs were 
fed GF1, GF2, and CB diets could be related to the different 
proportions of carbohydrates, lipids and proteins in these 
diets compared to CTR. The sources of carbohydrates used 
in the formulation of the control diet showed a higher 
content of nitrogen free extractives than the others (NFE: 
42.3 vs. 30.83; 34.83, and 34.60% as is, respectively, for the 
CTR, GF1, GF2, and CB diets), while the fat and protein 
contents are significantly lower in the control diet than 
those used for the trial. The reduction of AST observed with 
all diets than the control could be indicative of lower 
hepatic stress. Aspartate aminotransferase is an enzyme that 
is found mainly in the liver and heart and, in lower 
concentrations, in the kidneys and muscles and low levels of 
AST are indicative of good health, while when the liver or 
muscle cells are damaged, the enzyme is released into the 
blood in higher quantities. Although elevated serum levels 
of AST could be considered a sign of a hepatic injury or 
disease, concomitant with other variations of hematological 
parameters (e.g., lower ALT values) and other clinical signs 
(36). In our case, clinical signs of hepatic injury were not 
observed, and all parameters could be _ considered 
physiological. Nevertheless, higher metabolic activity in the 


liver could be indicated by the higher AST values registered 
with CTR, and GF1 diets (37). 

Another important aspect may have also concerned the 
carbohydrate sources used. While the CTR diet was 
formulated with rice (source of starch) and beet pulp, which 
mainly provides insoluble fiber, in the other three diets 
carbohydrates sources such as pea starch, spelt and oats, 
which are characterized by low glycemic index, and carrot, 
squash and pea fiber as sources of dietary fiber were used 
(38, 39). These ingredients guarantee a greater intake of 
soluble dietary fiber, able to modulate the post-prandial 
glycemic response. Moreover, these different dietary 
components guarantee the maintenance of the balance of 
saprophytic bacterial populations of the large intestine as it 
is fermented here, thereby producing short-chain fatty acids 
(40), in particular butyrate, which is considered the main 
energy source for erythrocytes and colonocytes. Dietary 
fiber has been indicated as a nutritional factor able to 
modify lipid absorption reducing, directly and indirectly, 
bile acid reabsorption (41). The decreasing of triglycerides 
observed with diets GF1, GF2, and CB could be due to 
limited absorption of triglycerides in the small intestine (41, 
42). The reduced lipid absorption was confirmed by the 
significant reduction of pancreatic lipase production. 
Indeed, Stock-Damge' et al. (43), administering a diet 
supplemented with 5 g/d of wheat bran for 4 weeks, 
observed significantly higher (P < 0.05) pancreatic 
secretion and lower (P < 0.05) lipase concentration. 

The significantly higher serum concentration of 
potassium, phosphorus, and magnesium registered when the 
dogs fed control diet could be related to the higher 
concentration of phosphorus in this diet (12 vs. 8 mg/kg). 
On the other hand, the higher value of phosphorus level in 
serum of dog fed GF1 diet could be related to the higher 
bioavailability of this element that mainly derived from 
animal sources in this diet. Moreover, CTR and GF1 diets 
were characterized by the higher Ca:P ratio (1.50; 1.25; 
1.12 and 1.12, CTR; GF1; GF2; CB diet, respectively) (6). 

Although no statistically significant differences were 
observed, there was an increased value in both parameters 


compared to the initial values of 288.27 and 101 nmol/I, 
recorded with the control diet. Another interesting aspect is 
that in all cases the taurine levels were higher than the 
optimal reserve levels indicated by FEDIAF (27) (>40 
nmol/] in plasma and >200 nmol/1 in whole blood) and by 
University researchers California (44) (>70 nmol/ml in 
plasma and >250 nmol/ml in whole blood), regardless of 
the dilatative cardiomyopathy risk in adult dogs. 

The literature concerning the effect of diet on taurine 
concentration in blood and serum is controversial. Delaney 
et al. (45) observed that the whole blood taurine 
concentration was lower in dogs fed whole grain rice, rice 
bran, or barley. Freid et al. (46) in a retrospective study on 
dogs affected by dilatative myopathies, observed that dogs 
fed a non-traditional diet (grain-free contained novel 
ingredients such as peas or lentils as the main component) 
showed status improvement after their diet was changed. 

Donadelli et al. (17) did not observe a reduction in 
plasma amino acids and taurine status when Labrador 
Retrievers were fed with a commercial grain-free diet after 
26 weeks. 

In our study, conducted on healthy dogs, increased 
taurine levels in whole blood and plasma were observed 
after 5 weeks of the administration of three diets. The 
control diet (used before the trial) could be defined as a 
traditional diet (grain inclusive with rice and beet pulp). 
While the three diets tested showed particular nutritional 
characteristics, and carbohydrates ingredients: GF1 (grain- 
free with sweet potato, pea fiber, dried carrot); GF2 (grain- 
free with pea starch, dried pumpkin, pea fiber, dried carrot); 
and CB (grain inclusive with spelt, oats, dried beet pulp, 
dried carrot). It seems possible to affirm that the relative 
proportions of the nutrients in the diets rather than the use 
of novel ingredients could affect taurine level. Indeed, all 
tested diets are characterized by the use of high-quality 
protein sources (dehydrated and fresh chicken, herring, and 
eggs), and high levels of protein inclusion allow protein and 
amino acids requirements to be satisfied and, consequently, 
the taurine status. 

Moreover, the relative lower root means square error of 


taurine in whole blood compared to plasma one confirms 
the previous observation (45) that taurine has greater 
stability in whole blood. 


CONCLUSION 


Our preliminary results showed that only a_ few 
hematological parameters were affected when balanced 
diets were administered to healthy dogs. The sources of 
carbohydrates (starch and dietary fiber) and the appropriate 
equilibrium between energy nutrients (e.g., protein, fat, and 
starch) could modify the indicators of lipid, and 
carbohydrate metabolism (AST, fructosamine, lipase, 
triglycerides) and improve liver function. 


DATA AVAILABILITY STATEMENT 


The raw data supporting the conclusions of this article will 
be made available by the authors, without undue 
reservation. 


ETHICS STATEMENT 


All the procedures used in the study have been approved by 
the Ethics Committee for the care and use of animals of the 
University of Naples Federico II in accordance with local 
and national regulations and guidelines (Legislative Decree 
26 of 04/03/2014). 


AUTHOR CONTRIBUTIONS 


MC: conceptualization. AV, GM, and IB: formal analysis. IB 
and AV: methodology and data curation. SC and AV: 
statistical analysis. MG and GM: clinical visitation. MG and 
AV: writing—original draft. SC and MC: writing—review 
and editing. MC and MG: supervision. All authors 
contributed to the article and approved the submitted 
version. 


FUNDING 


This trial was partially supported by Farmina Pet Food 
(Nola, Italia) and by DMVPA founding. 


ACKNOWLEDGMENTS 


The authors would like to thank Dog Kennel Service s.r.l. 
(Nola, Italy) for the support and hospitality during the trial. 


REFERENCES 


1. 


Wong PWC, Yu RWM, Ngai JTK. Companion animal 
ownership and human well-being in a metropolis—the case of 
Hong Kong. Int J Environ Res Public Health. (2019) 16:1729. 
doi: 10.3390/ijerph16101729 


. ASSALCO. REPORT ON THE FEEDING AND CARE OF PETS. 


Pets: Rights and Responsible Ownership. The Italian Perspective. 
ASSALCO (2019). 


. Vinassa M, Vergnano D, Valle E, Giribaldi M, Nery J, Prola L, 


et al. Profiling Italian cat and dog owners' perceptions of pet 
food quality traits. BMC Vet Res. (2020) 16:131. doi: 10.1186/ 
$12917-020-02357-9 


. Pezzali GJ, Aldrich CG. Effect of ancient grains and grain-free 


carbohydrate sources on extrusion parameters and nutrient 
utilization by dogs. J Anim Sci. (2019) 97:3758-67. doi: 
10.1093/jas/skz237 

Carciofi AC, Takakura FS, de-Oliveira LD, Teshima E, 
Jeremias JT, Brunetto MA, et al. Effects of six carbohydrate 
sources on dog diet digestibility and post-prandial glucose and 
insulin response. J Anim Physiol Anim Nutr. (2008) 92:326-36. 
doi: 10.1111/j.1439-0396.2007.00794.x 


. NRC. Nutrient Requirements of Dogs and Cats. Washington, 


DC: National Academy Press (2006). 
Singh N. Pulses: an overview. J Food Sci Technol. (2017) 
54:853-7. doi: 10.1007/s13197-017-2537-4 


. Hall C, Hillen C, Robinson JG. Composition, nutritional value, 


and health benefits of pulses. Cereal Chem. (2017) 94:11-31. 
doi: 10.1094/CCHEM-03-16-0069-FI 

Mansilla WD, Marinangeli CPF, Ekenstedt KJ, Larsen JA, 
Aldrich G, Columbus DA, et al. Special topic: the association 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


between pulse ingredients and canine dilated 
cardiomyopathy: addressing the knowledge gaps before 
establishing causation. J Anim Sci. (2019) 97:983-97. doi: 
10.1093/jas/sky488 

Food and Drug administration (FDA). Investigation into 
Potential Link between Certain Diets and Canine Dilated 
Cardiomyopathy. Available online at: https://www.fda.gov/ 
animal-veterinary/outbreaks-and-advisories/fda-investigation- 
potential-link-between-certain-diets-and-canine-dilated- 
cardiomyopathy (accessed January 27, 2021). 

Dukes-McEwan J, Borgarelli M, Tidholm A, Vollmar AC, 
Haggstr6m J. Proposed guidelines for the diagnosis of canine 
idiopathic dilated cardiomyopathy. J Vet Cardiol. (2003) 5:7- 
19. doi: 10.1016/S1760-2734(06)70047-9 

Petri¢ AD, Tomsié K. Diagnostic methods of cardiomyopathy 
in dogs - old and new perspectives and methods. Slov Vet Res. 
(2008) 45:5-14. 
Adin DTC, De Francesco B, Keene S, Tou K, Meurs C, Atkins B, 
et al. Echocardiographic phenotype of canine dilated 
cardiomyopathy differs based on diet type. J Vet Card. (2019) 
21:1-9. doi: 10.1016/j.jvc.2018.11.002 
Kaplan JL, Stern JA, Fascetti AJ, Larsen JA, Skolnik H, Peddle 
GD, et al. Correction: taurine deficiency and dilated 
cardiomyopathy in Golden Retrievers fed commercial diets. 
PLoS One. (2018) 13:1-19. doi: 10.1371/ 
journal.pone.0210233 

Freeman LM, Stern JA, Fries R, Adin DB, Rush JE. Diet- 
associated dilated cardiomyopathy in dogs: what do we 
know? J Am Vet Med Assoc. (2018) 253:1390-4. doi: 10.2460/ 
javma.253.11.1390 

Ontiveros ES, Whelchel BD, Yu J, Kaplan JL, Sharpe AN, 
Fousse SL, et al. Development of plasma and whole blood 
taurine reference ranges and identification of dietary features 
associated with taurine’ deficiency and_ dilated 
cardiomyopathy in Golden Retrievers: a prospective, 
observational study. PLoS One. (2020) 15:e0233206. doi: 
10.1371/journal.pone.0233206 

Donadelli RA, Pezzali GJ, Oba PM, Swanson KS, Coon C, 
Verney J, et al. Commercial grain-free diet does not decrease 
plasma amino acids and taurine status but increases bile acid 
excretion when fed to Labrador Retrievers. Transl Anim Sci. 
(2020) 4:1-12. doi: 10.1093/tas/txaa141 

Pezzali JG, Acuff HL, Henry W, Alexander C, Swanson KS, 
Aldrich CG. Effects of different carbohydrate sources on 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


taurine status in healthy Beagle dogs. J Anim Sci. (2020) 98:1- 
9. doi: 10.1093/jas/skaa010 

McCauley SR, Clark SD, Quest BW, Streeter RM, Oxford EM. 
Review of canine dilated cardiomyopathy in the wake of diet- 
associated concerns. J Anim Sci. (2020) 98:1-20. doi: 
10.1093/jas/skaa155 

Gizzarelli M, Foglia Manzillo V, Ciuca L, Morgoglione ME, El 
Houda Ben Fayala N, Cringoli G, et al. Simultaneous detection 
of parasitic vector borne diseases: a robust cross-sectional 
survey in hunting, stray and sheep dogs in a mediterranean 
area. Front Vet Sci. (2019) 6:288. doi: 10.3389/ 
fvets.2019.00288 

Hervera M, Castrillo C, Albanell E, Baucells MD. Use of near- 
infrared spectroscopy to predict energy content of commercial 
dog food. J Anim Sci. (2012) 90:4401-7. doi: 10.2527/ 
jas.2012-5106 

Goi A, Manuelian CL, Currd S, Marchi M. Prediction of 
mineral composition in commercial extruded dry dog food by 
near-infrared reflectance spectroscopy animals. Animals 
(Basel). (2019) 9:640. doi: 10.3390/ani9090640 

Lee SC, Prosky L. International survey on dietary fiber 
definition, analysis and references materials. J AOAC Int. 
(1995) 79:22-36. doi: 10.1093/jaoac/78.1.22 

Prosky L, Asp GN, Scheweizer TF, de Vries JW, Fuurda I. 
Determination of insoluble, soluble, and total dietary fiber in 
foods and food products: interlaboratory study. J of AOAC. 
(1988) 71:1017-23. doi: 10.1093/jaoac/71.5.1017 

Spitze AR, Wong DL, Rogers QR, Fascetti AJ. Taurine 
concentrations in animal feed ingredients; cooking influences 
taurine content. J Anim Physiol Anim Nutr. (2003) 87:251-62. 
doi: 10.1046/j.1439-0396.2003.00434.x 

McMahon GP, O'Kennedy R, Kelly MT. High-performance 
liquid chromatographic determination of taurine in human 
plasma using pre-column extraction and derivatization. J 
Pharm Biomed Anal. (1996) 14:1287-94. doi: 
10.1016/0731-7085(95)01697-X 

FEDIAF. Nutritional Guidelines for Complete and Complementary 
Pet Foods for Dogs and Cats. Bruxelles: European Pet Food 
Industry Federation (2020). 

Debraekeleer J, Gross KL, Zicker SC. Feeding young adult 
dogs: before middle age. In: Small Clinical Nutrition. 5th ed. 
Topeka, KS (2010). pp. 257-72. 

Hendriks WH, Bakker EJ, Bosch G. Protein and amino acid 
bioavailability estimates for canine foods. J Anim Sci. (2015) 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


93:4788-95. doi: 10.2527/jas.2015-9231 

Brown WY, Vanselow BA, Redman AJ, Pluske JR. An 
experimental meat-free diet maintained haematological 
characteristics in sprint-racing sled dogs. Br J Nutr. (2009) 
102:1318-23. doi: 10.1017/S0007114509389254 
Anturaniemi J, Zaldivar-Lé6pez S, Moore R, Kosola M, Sankari 
S, Barrouin-Melo SM. The effect of a raw vs dry diet on serum 
biochemical, hematologic, blood iron, B12, and folate levels 
in Staffordshire Bull Terriers. Vet Clin Pathol. (2020) 49:258— 
69. doi: 10.1111/vep.12852 

Ober J, Gillette RL, Angle TC, Haney P, Fletcher DJ, Wakshlag 
JJ. The effects of varying concentrations of dietary protein 
and fat on blood gas, hematologic serum chemistry, and body 
temperature before and after exercise in Labrador Retrievers. 
Front Vet Sci. (2016) 3:59. doi: 10.3389/fvets.2016.00059 

https://eclinpath.com/hematology/sample-collection-heme/ 

(accessed January 26, 2021). 

Jensen AL, Wenck A, Koch J, Poulsen JS. Comparison of 
results of haematological and clinical chemical analyses of 
blood samples obtained from the cephalic and external jugular 
veins in dogs. Res Vet Sci. (1994) 56:24-9. doi: 
10.1016/0034-5288(94)90191-0 

Day MJ, Mackin A, Littlewood JD. Ematologia e medicina 
trasfusionale del cane e del gatto. Torino: UTET editori (2004). 
Fraser CM, Bergeron JA, Mays A, Aiello SE. Merck Veterinary 
Manual. 7th ed. Rahway, NJ: Merck & Co., Inc (1991). 
Swanson KS, Kuzmuk KN, Schook LB, Fahey GC Jr. Diet 
affects nutrient digestibility, hematology, and serum 
chemistry of senior and weanling dogs. J Anim Sci. (2004) 
82:1713-24. doi: 10.2527/2004.8261713x 

Musco N, Calabro S, Tudisco R, Grossi M, Addi L, Moniello G, 
et al. Diet effect on short- and long-term glycaemic response 
in adult healthy cats. Vet Ital. (2017) 53:141-5. doi: 
10.12834/VetIt.57.166.3 

Lombardi P, Musco N, Calabro S, Tudisco R, Mastellone V, 
Vastolo A, et al. Different carbohydrate sources affect swine 
performance and post-prandial glycaemic response. Ital J Anim 
Sci. (2020) 19:421-30. doi: 
10.1080/1828051X.2020.1749899 

Calabro S, Carciofi AC, Musco N, Tudisco R, Gomes MOS, 
Cutrignelli MI. Fermentation characteristics of several 
carbohydrates sources for dog diets using in vitro gas 
production technique. Ital J Anim Sci. (2013) 12:e4. doi: 
10.4081/ijas.2013.e4 


41. Eastwood MA. The physiological effect of dietary fiber: an 
update. Annu Rev Nutr. (1992) 12:19-35. doi: 10.1146/ 
annurev.nu.12.070192.000315 

42. Kim M. The water-soluble extract of chicory reduces 
cholesterol uptake in gut-perfused rats. Nutr Res. (2000) 
20:1017-26. doi: 10.1016/S0271-5317(00)00192-5 

43. Stock-Damge' C, Bouchet P, Dentinger A, Aprahamian M, 
Grenier JF. Effect of dietary fiber supplementation on the 
secretory function of the exocrine pancreas in the dog. Am J 
Clin Nutr. (1983) 38:843-8. doi: 10.1093/ajcn/38.6.843 

44. https://www.vetmed.ucdavis.edu/labs/amino-acidlaboratory 
(accessed January 26, 2021). 

45. Delaney SJ, Kass PH, Rogers QR, Fascetti AJ. Plasma and 
whole blood taurine in normal dogs of varying size fed 
commercially prepared food. J Anim Physiol Anim Nutr. (2003) 
87:236—44. doi: 10.1046/j.1439-0396.2003.00433.x 

46. Freid KJ, Freeman LM, Rush JE, Cunningham SM, Davis MS, 
Karlin ET, et al. Retrospective study of dilated 
cardiomyopathy in dogs. J Vet Int Med. (2020) 35:58-67. doi: 
10.1111/jvim.15972 


Conflict of Interest: The authors declare that the research 
was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential 
conflict of interest. 


Copyright © 2021 Gizzarelli, Calabro, Vastolo, Molinaro, 
Balestrino and Cutrignelli. This is an open-access article 
distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other 
forums is permitted, provided the original author(s) and the 
copyright owner(s) are credited and that the original publication 
in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which 
does not comply with these terms. 


